phoresed through polyacrylamide gels. Because of residual nucleic acids in the extract, P160gag-abl appeared as a diffuse band near the top of the gel (Fig. 1A, lane b) . This was also observed with different cell types infected with A-MuLV (data not shown).
Because v-abl belongs to the protein-tyrosine kinase oncogene family (12, 13) , we tested the effects of other * Corresponding author. members on the IL-3 requirement of Ba/F3 cells. V-SRC, V-GASRC, and V-GFPS recombinant viruses carry the src gene in a Mo-MuLV vector (V-SRC) or part of the src orfps genes fused to gag of A-MuLV (V-GASRC and V-GFPS, respectively) (4) .
Infections with viruses Mo-MuLV and A-MuLV were carried out in parallel. Two days after the removal of IL-3 from medium, no surviving cells were observed in the cultures infected with Mo-MULV or V-GFPS. By contrast, equal numbers of surviving cells were detected in the AMuLV, V-SRC, and V-GASRC cultures, whereas clones of A-MuLV-infected cells rapidly divided in the absence of IL-3. Clones of V-SRC-and V-GASRC-infected cells grew very poorly and appeared unhealthy. Rapid proliferation was achieved only after adding back a small amount of IL-3. All single cell clones derived from cultures infected with V-SRC and V-GASRC expressed p60src and P78gag-rc, respectively (Fig. 1B , lanes b and c; additional data not shown).
[35S]methionine labeling showed that these proteins were expressed at levels similar to those of pl60gag-abl (data not shown).
To allow selection of cells infected with a v-fps-containing virus, we inserted the coding sequence of V-GFPS into the DOL vector (provided by A. Korman) upstream of the neo gene driven by a simian virus 40 promoter. The resulting construct, pV-GFOL, was cotransfected with Mo-MuLV DNA onto NIH 3T3 cells, and foci were isolated in the presence of G418. Recovered virus from the best producer clone was used to infect Ba/F3 cells. After G418 selection in the presence of IL-3, some of the resistant cells were grown in the absence of IL-3. These cells died within 2 days. Cells from the same culture kept in IL-3 expressed P125gag-fps, albeit at a lower level than in the V-GFOL producer NIH 3T3 clone (Fig. 1C, lanes b and c) . Although P125gag-fps expression is usually low in fibroblasts infected with V-GFOL virus, 5 to 10% of infected cells expressed high levels of the transforming protein ( v-src, did not provide any growth advantage to Ba/F3 cells in the absence of IL-3 ( Table 1) .
As an illustration of the differences in uninfected and A-MuLV-, V-SRC-, and V-GFOL-infected Ba/F3 cells, we titrated their IL-3 requirements. Cell proliferation was monitored by colorimetric assay (5) after a 24-h incubation (Fig.  2) . A-MuLV-infected cells were totally IL-3 independent for growth. V-SRC-infected cell clones displayed an intermediate proliferation profile. V-GFOL-infected cells behaved similarly to uninfected cells (they were assayed in a separate experiment). These results are consistent with earlier observations ( Table 1) .
The mechanisms by which A-MuLV confers IL-3 independence remain uncertain. In agreement with other reports (2, 6, 8), we could rule out autocrine stimulation in virus- Cells were incubated at 37'C overnight, washed, and replated in 10 ml of growth medium containing 10%o WEHI-conditioned medium. After 24 h, cells were washed twice and suspended in 10 ml of growth medium without a source of IL-3. Medium was changed every 3 days, and cells were kept at a density of at least 5 x 103/ml. b All replication-defective viruses were pseudotyped with Mo-MuLV.
c Titers were measured on NIH 3T3 or XC cells. They are expressed as PFU, focus-forming units, or G418 CFU per milliliter. d_, None. e For viruses containing the neo gene, the same infection protocol was used, but G418 selection was applied first (1.5 mg of G418 per ml), in the presence of IL-3. No evidence of immunoglobulin heavy-chain rearrangement was detected (3), however, in DNA from v-abl-infected clones (data not shown).
Transformation by a virus expressing v-myc alleviated IL-2 or IL-3 requirements in lymphokine-dependent cultured cells (9) . To examine whether IL-3 independence is achieved by v-abl via c-myc deregulation, we studied regulation of c-myc expression in uninfected and A-MuLV-infected Ba/F3 cells. Cultures were maintained for 12 h in the absence of IL-3 (more than 75% of cells were still alive at that time). IL-3 was then added, total RNA was isolated at various time points, and c-myc transcripts were analyzed by Northern hybridization (Fig. 4) (9) , suggesting that the presence of the v-myc protein could substitute for c-myc in growth. We do not have direct evidence that v-abl causes IL-3 independence via a specific increase in the c-myc message, although we cannot rule it out.
That v-abl acts on a wide range of IL-3-dependent, hemopoietic cells is well documented (2, 6, 8) . v-abl must act on a common denominator shared by these cells, possibly by subverting the same pathway used by IL-3. It is therefore important to address the substrate specificity of v-abl protein among tyrosine kinases as a key to unlocking the cellular events leading to IL-3 independence.
